IMAGE READER AND IMAGE READING METHOD 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to an image reader such 
as a digital copying machine, a facsimile and a scanner and its 
image reading method. 
2 . Description of the Prior Art 

There have been provided various types of image readers 
such as a digital copying machine, a facsimile and a scanner 
which read an original to be conveyed by a conveying device in 
a predetermined reading position. In these types of image 
readers , dust particles or the like may adhere to a reading unit . 
In such cases, when an image is read, the dust particles are 
read by the reading unit, and therefore, streaks, which are not 
in the original image but extend in the slow- scanning direction, 
appear on an output image or a transmitted image (hereinafter, 
simply referred to as "output image") to be obtained from the 
image reader. 

As a way of solving this problem, there have been proposed 
a method of giving processing for preventing dust particles or 
the like from adhering to the surface of contact glass on the 
reading unit, a method of setting the position of the reading 
unit to a place where dust particles hardly adhere and the like. 
These methods, however, cannot overcome a drawback which occurs 
when dust particles have adhered to the reading unit, that is, 
a drawback in which streaks due to adhesion of dust particles 



appear on the output image. 

A technique which prevents, when dust particles adhere 
to the reading unit, the dust particles from affecting an output 
image has been proposed in, for example, Japanese Published 
Unexamined Patent Application No. 9-139844. 

The outline of an image reader disclosed in the Japanese 
Published Unexamined Patent Application No. 9-139844 is as 
follows: First, in the present image reader, an original under 
conveyance is read in two reading positions slightly apart from 
! 5j each other along a conveying direction of the original . In this 

J ! respect, for the sake of convenience in the following description , 

i*yi 

w the first reading position, which the original under conveyance 

passes through, is called an "upstream- side reading position" 
and the second reading position, which it passes through, is 

Ut called a "downstream- side reading position". 

H 

l3$ When an image is in this manner read from the original 

jjj in the two places: upstream- side reading position and 

downstream- side reading position, in the upstream- side reading 
position, image data on each fast - scanning line which has been 
arranged in a slow- scanning direction as shown in, for example, 
the following: 

Pk, Pk + 1, Pk + 2, Pk + 3 ... 
are sequentially obtained. 

In contrast, in the downs tream- side reading position, 
image data, which is, for example, d lines behind in phase than 
this image data, is obtained as follows: 

Pk+d, Pk+d+1, Pk+d+2, Pk+d+3 ... 
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In this respect, a suffix in the image data Pk or the like in 
this example is the number of the fast - scanning line. 

If the assumption is made that dust particles adhered 
only to a position corresponding to the downs tream- side reading 
position on the contact glass, image data faithful to the 
original image could be obtained from the upstream- side reading 
position, while image data affected by dust particles would be 
obtained from the downs tream- side reading position and a 
difference would occur between both image data. 

Thus, in the present image reader, with respect to the 
image data in the upstream- side reading position, image data 
having the same phase as the image data in the downs tream- side 
reading position is generated by imparting a delay corresponding 
to the above -described phase delay d, and this image data is 
compared with the image data in the downstream- side reading 
position. If there is a difference between the two, it will be 
determined that dust particles have adhered to the 
downstream- side reading position. 

Also, in this case, it can be said that, of the image 
data in the downstream- side reading position, a portion 
different from the image data in the upstream- side reading 
position is image data in a portion affected by dust particles. 
Thus, in the present image reader, by replacing the image data 
in the portion affected by the dust particles with fixed mask 
data, streaks to be appeared on the output image are removed. 

In the configuration disclosed in the above - described 
Japanese Published Unexamined Patent Application No. 9-139844, 



image data pieces in the downstream- side reading position and 
the upstream- side reading position are binarized respectively, 
and whether or not dust particles have adhered is determined 
depending on whether or not these binarization data pieces are 
different. For this reason, only when either of each image data 
piece in the downstream- side reading position or the 
upstream- side reading position is higher than a binarization 
threshold and the other is lower than the threshold, it is 
determined that the dust particles have adhered- When both 
!t *: image data pieces exceed the threshold or when they do not exceed 

■: ?* j 

^ the threshold, there is the problem that it is not determined 

!Hj 

3 that the dust particles have adhered even if the dust particles 

f S 

tei' have adhered. 

a As a method which solves this problem and precisely 

q 

iuli determines the adhesion of dust particles, there can be conceived 

ijg a method which compares each image data (multilevel data) in 

a 

Q the downstream- side reading position and the upstream- side 

reading position as it is, and determines that dust particles 
have adhered if a difference between the two exceeds a 
predetermined threshold. However, there may take place a steady 
offset between each image data piece in the downstream- side 
reading position and the upstream- side reading position 
resulting from the configuration or the like of the image reader. 
In a situation in which such a steady offset takes place, there 
is the problem that even if the adhesion of dust particles is 
determined on the basis of a difference between each image data 
piece in each reading position, the determination may become 
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incorrect. With reference to Fig. 1, a detailed description of 
this problem will be made. 

Fig. 1 is a view showing the configuration of an original 
conveying system in the image reader and an optical system for 
reading an image. In Fig. 1, an original 2 is carried to a 
conveying roller 4 one sheet at a time by a drawing- in roller 
3. The conveying roller 4 conveys the original 2 to a contact 
glass 5 by changing the original conveying direction. The 
original 2 is pressed against the contact glass 5 by a back platen 
7, and is finally exhausted from the conveying device by an 
|^ exhaust roller 8. The above - described upstream- side reading 

M position and downs tream- side reading position are located above 

W the contact glass 5. A reference numeral A in Fig. 1 designates 

« an original image in the upstream- side reading position, and 

n 

y a reference numeral B, an original image in the downs tream - 

cs 

iJJ side reading position. These original images A and B have their 

8 

Q optical paths changed by a first mirror 9, a second mirror 10 

and a third mirror 11 respectively, are reduced by a lens 12, 
and reach CCD 1 . 

In the configuration shown in Fig. 1, the original 2 is 
conveyed obliquely downward to the contact glass 5 by the 
conveying roller 4. At the time of the original reading, an 
optical path of an original image A in the upstream- side reading 
position and an optical path of an original image B in the 
downstream- side reading position are perpendicular to the 
contact glass 5, but the upstream- side reading position and the 
downstream- side reading position are provided within a section 
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in which the original 2 is conveyed obliquely with respect to 
the contact glass 5. Therefore, an optical path length between 
the upstream- side reading position and CCD 1 becomes longer than 
that between the downstream- side reading position and CCD 1. 
For this reason, even if no dust particles adhere to the contact 
glass 5, a density value of a read image A in the upstream- 
side reading position becomes higher than a density value of 
a read image B in the downstream- side reading position as 
exemplified in Fig . 12A, and an of f set Ad having a predetermined 

: ^ size takes place between image data corresponding to each reading 

'IS 

position. 

118 

O When a difference obtained by deducting the density value 

'i0 

'Si of the read image A in the upstream- side reading position from 

» the density value of the read image B in the downstream- side 

W 

y reading position is compared with the threshold to determine 

■est? 

jjEjj adhesion of dust particles, it becomes difficult to determine 

8 

q the adhesion of dust particles because if dust particles adhere 

to the contact glass in the downstream- side reading position, 
a difference between density values of each read image is reduced 
under the influence of the of f set AD . Fig. 12B shows its example . 
If the assumption is made that there is no offset AD described 
above between each reading position, there would take place a 
comparatively large difference AD1 between density values of 
read images in each reading position if dust particles adhere 
to the contact glass in the downstream- side reading position. 
In a configuration shown in Fig. 2, however, since there takes 
place the of f set AD between each reading position, the difference 
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between density values of read images in each reading position 
decreases to AD2 fromADl, and it becomes difficult to determine 
the adhesion of dust particles. 

In the configuration disclosed in the Japanese Published 
Unexamined Patent Application No. 9-139844, by replacing image 
data affected by dust particles with fixed mask data, the streaks 
on an output image have been removed, but this method has a 
problem that the output image is deteriorated because a density 
difference takes place between an image corresponded to the mask 
data and images all around the image. 

As a remedy, there can be conceived a method 
in which, in a case where dust particles have been found to adhere, 
image data of the read image, in which, of the read images A 
and B, it has been found that no dust particles adhere, is 
selected to thereby obtain image data from which the dust 
particles have been removed. When, however, this method is 
executed under such circumstance that the of fset AD takes place, 
the image data affected by dust particles is to be replaced with 
image data having different density therefrom, and the output 
image will be deteriorated. For example, it is assumed in the 
configuration shown in Fig. 1 that when it is found that no dust 
particles have adhered, image data of the read image B in the 
downstream- side reading position is selected, while when it is 
found that dust particles have adhered to the downstream- side 
reading position, image data of the read image A in the 
upstream- side reading position is selected . In this case, since 
the image data of the read image A has been selected in place 



of the image data of the read image B, it is possible to erase 
clear streaks caused by the dust particles, but thinly black 
streaks remain in a portion in which the image data has been 
replaced because a density value for the read image A is higher 
than that for the read image B. 



SUMMARY OF THE INVENTION 
The present invention has been made in view of the above 
circumstances and provides an image reader and an image reading 
method capable of accurately detecting, even if there may exist 

\% 

j^ij a density difference in each read image corresponding to the 

same image in plural reading positions, streaks - shaped noise 
'** caused by adhesion of dust particles to a reading unit, or the 

! V like to remove it from the output image. 

Q 

W According to an aspect of the present invention, an image 

OK- reader, having a conveying part that conveys an original, and 

d 

£f first and second reading parts that read the original conveyed 

by the conveying part, in which if the same image has been read 
by the first and second reading parts, a density value of a read 
image obtained from the first reading part is higher than a 
density value of a read image to be obtained from the second 
reading part, includes a noise detection part that judges, if 
a difference between density values of the same area on the 
original read by the first and second reading parts , respectively, 
exceeds a predetermined threshold, that a streaks - shaped noise 
is contained in the read image obtained by the first reading 
part, and a noise removal part that generates, if the noise 
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detection part judges that the streaks - shaped noise is not 
contained in the read image obtained by the first reading part, 
an output image using the read image obtained by the first reading 
part, and that generates, if the noise detection part judges 
that that the streaks - shaped noise is contained in the read image 
obtained by the first reading part, the output image using the 
read image obtained by the second reading part. 

According to this configuration, the presence or absence 
of the streaks - shaped noise can be found by judging a difference 
obtained by deducting the read image in the second reading 
position from the read image in the first reading position, in 
which the reading density value is originally high, and therefore, 
it is possible to reliably detect streaks - shaped noise caused 
by adhesion of dust particles, and to replace it with a read 
image containing no noise in the second reading position. Also, 
the read image in the second reading position has a lower density 
value than the read image in the first reading position 
containing no noise caused by adhesion of dust particles, and 
therefore, a portion in which the read image has been replaced 
becomes thinly white noise, but such noise has an advantage that 
it is not conspicuous. 

According to another aspect of the present invention, 
the image reader includes a threshold correction part that 
determines an average density difference between average 
densities of the same area on the original read by the first 
and second reading parts, respectively, and that corrects a 
predetermined threshold on the basis of the average density 



difference and outputs the corrected threshold, and a noise 
detection part that judges, if a difference between density 
values of the same area on the original read by the first and 
second reading parts, respectively, exceeds the threshold 
outputted from the threshold correction part, that a 
streaks - shaped noise is contained in the read image obtained 
by the first reading part. 

According to this configuration, when judging the 
presence or absence of any noise on the basis of a difference 
!k 2 obtained by deducting the read image in the second reading 

j*;- position from the read image in the first reading position, there 

is used a threshold corrected by an average density difference 
between read images in each reading position, and therefore, 
it is possible to accurately judge the presence or absence of 
the noise. 

ijjj In this aspect of the present invention, the image reader 

a 

Q may further includes a correction part that corrects the read 

image obtained by the second reading part on the basis of the 
average density difference determined by the threshold 
correction part, and a noise removal part that generates, if 
the noise detection part judges that the streaks - shaped noise 
is not contained in the read image obtained by the first reading 
part, an output image using the read image obtained by the first 
reading part, and that generates, if the noise detection part 
judges that that the streaks - shaped noise is contained in the 
read image obtained by the first reading part, the output image 
using the read image obtained by the second reading part, which 
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has been subjected to the correction by the correction part. 

According to this configuration, since the read image 
containing noise obtained in the first reading position is 
replaced with an image obtained by correcting the read image 
obtained in the second reading position on the basis of the 
average density difference, it is possible to eliminate any 
density difference between the . replacement point and its 
surrounding portions . 

According to yet another aspect of the present invention, 
the image reader, having a conveying part that conveys an 

yjl 
i u> 

d 

I 

same image has been read by the first and second reading parts, 
» a density value of a read image to be obtained from the first 

q 

Ujl reading part is higher than a density value of a read image to 

w 

jJKji be obtained from the second reading part, includes a correction 

Hj part that corrects the read image of either the first or second 



original, and first and second reading parts that read the 
original to be conveyed by the conveying part, in which if the 



reading part to reduce an average density difference between 
average densities of the same area on the original read by the 
first and second reading parts, respectively, and a noise 
detection part that judges, after the read image obtained by 
either the first or second reading part has been corrected by 
the correction part, if a difference between density values of 
the same area on the original read by the first and second reading 
parts, respectively, exceeds a predetermined threshold, that 
a streaks - shaped noise is contained in the read image obtained 
by either the first or second reading part that has a higher 
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density value. 

According to this configuration, read images in each 
reading position are corrected so as to eliminate the average 
density difference, the presence or absence of streaks - shaped 
noise is judged on the basis of a difference between density 
values for each read image after this correction, and therefore, 
streaks - shaped noise caused by adhesion of dust particles can 
be reliably detected. 

In this aspect of the present invention, the image reader 

!t *' may further includes a noise removal part that generates, if 

l & 

the noise detection part judges that the streaks - shaped noise 

!T{j 

O is not contained in the read image obtained by the first or second 

W reading part having the higher density value, an output image 

» using the read image obtained by the reading part having the 

a 

\j$ higher density value, which has been subjected to the correction 

a 

ijg by the correction part, and that generates, if the noise 

A detection part judges that the streaks - shaped noise is contained 

in the read image obtained by the reading part having the higher 
density value, the output image using the read image obtained 
by the other reading part having lower density value, which has 
been subjected to the correction by the correction part. 

According to this configuration, when noise is detected, 
any replacement point can be made inconspicuous because the noise 
is removed by replacement with each read image after correction 
having no average density difference. 

According to still another aspect of the present 
invention, an image reading method that reads an image by a first 
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reading part from an area on an original conveyed by a conveying 
part, and then reads the image by a second reading part from 
the same area on the original to generate an output image, in 
which a density value of a read image obtained by the second 
reading part is lower than a density value of a read image 
obtained by the first reading part, includes the steps of judging 
whether a difference between the density values of the read 
images obtained by the first and second reading parts, 
respectively, exceeds a predetermined threshold, and generating , 
if it is judged that the difference does not exceed the 
predetermined threshold, the output image using the read image 
obtained by the first reading part, and generating, if it is 
judged that the difference exceeds the predetermined threshold, 
the output image using the read image obtained by the second 
reading part. 

According to still another aspect of the present 
invention, an image reading method that reads an image by a first 
reading part from an area on an original conveyed by a conveying 
part, and then reads the image by a second reading part from 
the same area on the original to generate an output image, in 
which a density value of a read image obtained by the second 
reading part is lower than a density value of a read image 
obtained by the first reading part, includes the steps of 
determining an average density difference between average 
densities of the same area on the original read by the first 
and second reading parts, respectively, correcting a 
predetermined threshold and the read image obtained by the second 



reading part on the basis of the average density difference, 
judging whether a difference between the density values of the 
read images obtained by the first and second reading parts, 
respectively, exceeds the corrected threshold, and generating, 
if it is judged that the difference does not exceed the corrected 
threshold, the output image using the read image obtained by 
the first reading part, and generating, if it is judged that 
the difference exceeds the corrected threshold, the output image 
using the read image obtained by the second reading part. 

According to still another aspect of the present 
invention, an image reading method that reads an image by a first 
reading part from an area on an original conveyed by a conveying 
part, and then reads the image by a second reading part from 
the same area on the original to generate an output image, in 
which a density value of a read image obtained by the second 
reading part is lower than a density value of a read image 
obtained by the first reading part, includes the steps of 
correcting at least one of the read images obtained by the first 
and second reading parts, respectively, to reduce an average 
density difference between average densities of the same area 
on the original read by the first and second reading parts, 
respectively, judging whether a difference between the density 
values of the read images, at least one of which has been 
corrected, obtained by the first and second reading parts, 
respectively, exceeds a predetermined threshold, and generating, 
if it is judged that the difference does not exceed the 
predetermined threshold, the output image using the read image 



obtained by the first reading part, and generating, if it is 
judged that the difference exceeds the predetermined threshold, 
the output image using the read image obtained by the second 
reading part. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Preferred embodiments of the present invention will be 

described in detail based on the followings, wherein: 

Fig. 1 is a view showing a configuration of an original 

conveying system and an optical system for reading an original 

in an image reader according to a first embodiment of the present 

invention ; 

Fig. 2 is a block diagram showing the configuration of 
an image reader according to the first embodiment; 

Fig. 3 is a view showing a configuration of CCD in the 
first embodiment; 

Fig. 4 is a block diagram showing a configuration of a 
streak detection circuit in the first embodiment; 

Fig. 5 is a block diagram showing a configuration of a 
threshold correction circuit in the first embodiment; 

Fig. 6 is a block diagram showing an example of a 
configuration of a streak removal circuit in the first 
embodiment ; 

Figs . 7A, 7B and 7C are explanatory views for illustrating 
an operation of an image reader according to the first 
embodiment; 

Fig. 8 is a block diagram showing a configuration of an 



image reader according to a second embodiment of the present 
invention; 

Fig. 9 is a block diagram showing a configuration of a 
density correction circuit according to the second embodiment; 

Fig. 10 is a block diagram showing a configuration of 
a streak detection circuit according to the second embodiment; 

Fig. 11 is a block diagram showing an example of a 
configuration of a streak removal circuit according to the second 
embodiment; and 

Figs. 12A and 12B are explanatory views for illustrating 



problems of the conventional image reader. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, with reference to the drawings, the 



Ul! description will be made on embodiments according to the present 

-ask* 

invention. 

d 

Q" A. First Embodiment 

Fig. 1 is a block diagram showing a configuration of an 
image reader according to a first embodiment of the present 
invention. In Fig. 1, a reference numeral CCD 1 designates a 
part for reading an original to be conveyed by an original 
conveying system shown in Fig. 1. In the present embodiment, 
this CCD 1 is driven through a driving signal from a CCD driving 
circuit 13, whereby an original image is read in each of an 
upstream- side reading position and a downs tream- side reading 
position on a conveying path of the original to output an analog 
image signal A in the upstream- side reading position and an 
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analog image signal B in the downstream- side reading position. 



The configuration of the original conveying system and 



the configuration of the optical system between each reading 



position and CCD 1 on the original conveying path are as already 



described referring to Fig. 1. 



On a package for the CCD 1, two rows of line sensors, 



in each of which N pieces of 7 jam * 7jum photo -diodes are arranged, 
are formed as shown in Fig. 3. Each of these line sensors is 



a part for reading an original image in each reading position 
E ^ on the upstream side and on the downstream side respectively. 

Each line sensor is spaced apart by 70 |im from each other. In 

i Uj 

O contrast, the upstream- side reading position and the 

< ! !P downstream- side reading position on the original conveying path 

* are spaced apart by 423 |um. Each original image (linear image 

q 

ijyj for one line each) in each of these reading positions is reduced 

a 

ijjjj by passing it through the optical system shown in Fig. 1 to form 

d 

Q an image on each line sensor. 

In the line sensor corresponding to the upstream- side 



reading position, current, which flows through n-pieces of 
phototransistors constituting the line sensor, is sequentially 
detected for each line period { fast - scanning period) , and is 



outputted as an analog image signal A representing the density 



of each pixel of one line (n pixels) . Similarly, even in the 



line sensor corresponding to the downstream- side reading 



position, current for flowing through n-pieces of 



phototransistors is sequentially detected for each line period 



(fast- scanning period) to output an analog image signal B 
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representing the density of each pixel of one line <n pixels) . 

An interval 7 0 urn between each line sensor corresponding 
to each reading position on the upstream side and on the 
downstream side is an interval corresponding to scanning lines 
for 10 lines. Therefore, if there are no fluctuations in the 
original conveying velocity, the analog image signal B becomes 
an image signal which lags the analog image signal A by a phase 
lag corresponding to 10 lines. 

In Fig. 2, in the latter part of the CCD 1, there are 
provided a signal processing system including a sample holding 
circuit 14A, an output amplifier circuit 15A, an AD conversion 
circuit 16A and a shading correction circuit 17A, and a signal 
processing system including a sample holding circuit 14B, an 
output amplifier circuit 15B, an AD conversion circuit 16B and 
a shading correction circuit 17B. The former is a signal 
processing system corresponding to an image signal A in the 
upstream- side reading position, and the latter is a signal 
processing system corresponding to an image signal B in the 
downstream- side reading position. 

Analog image signals A and B to be obtained from the CCD 
1 are sampled by the sample holding circuits 14A and 14B 
respectively, thereafter are amplified to an appropriate level 
respectively by the output amplifier circuits 15A and 15B, and 
are converted into digital image data A and B respectively by 
the AD conversion circuits 16A and 16B . These digital image data 
pieces A and B are subjected to corrections corresponding to 
sensitivity variations of CCD 1 and distribution characteristic 
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of quantity of light of the optical system by the shading 
correction circuits 17A and 17B. An outline of each signal 
processing system corresponding to the image signals A and B 
has just been described above. 

An output delay circuit 18 delays image data A to be 
outputted from the shading correction circuit 17A by delay time 
corresponding to 10 lines to output as image data having the 
same phase as the image data B. A streak detection circuit 19 
is a part, which detects black streak - shaped noise contained 
in the image data A by comparing the image data A to be outputted 
from the output delay circuit 18 with the image data B to be 
outputted from the shading correction circuit 17B to output black 
streak detection data. Also, a streak removal circuit 20 is a 
part, which generates image data obtained by removing any black 
streak- shaped noise from the image data A on the basis of the 
black streak detection data from the streak detection circuit 
19 to output it to an image processing circuit 21. In this 
respect, the detail of the streak detection circuit 19 and the 
streak removal circuit 20 will be described later. 

The image processing circuit 21 is a part whereby image 
data to be outputted from the streak removal circuit 2 0 is 
subjected to image processing such as scaling, texture removal 
and binarization which is required in an apparatus (such as a 
digital copying machine and a scanner) mounted with this image 
reader . 

A CPU 22 is a part which controls each portion of this 
image reader. Concretely, the CPU 22 sets a period for driving 



of the CCD 1 to be performed by a CCD driving circuit 13, controls 
gains of the output amplifier circuits 15A and 15B, and controls 
the shading correction circuits 17A and 17B, a constant of the 
streak detection circuit 19 ( to be described later) and the like. 

The entire configuration of the image reader according 
to the present embodiment has just been described above. 

Next, with reference to Fig. 4, a description will be 
made on the streak detection circuit 19. The streak detection 
circuit 19 according to the present embodiment has a data 
^ comparison circuit 23, a continuity detection block 24 and a 

threshold correction circuit 34. 

m 

.tea; 

To the data comparison block 23, image data pieces A and 
iJ| B representing density of pixel for n pieces of pixels are 

respectively inputted for each line period (fast- scanning 
period) . The image data A corresponds to the original image, 
which has been read in the upstream- side reading position, but 
Qi is subjected to a delay corresponding to 10 lines by the output 

delay circuit 18. Therefore, if there is no fluctuation in the 
original conveying velocity, the image data pieces A and B to 
be inputted to the data comparison block 23 represent read images 
corresponding to the same line on the original respectively, 
and both are those which should originally coincide with each 
other. When dust particles and the like adhere to the 
upstream- side reading position, however, of image data A 
corresponding to the upstream- side reading position, image data 
of the pixel corresponding to areas of dust particles adhered 
is affected by them, and density of the pixel to be represented 
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by the image data A seems to become noticeably higher than density 
of the pixel to be represented by the image data B. In this data 
comparison block 23, if the image data A is noticeably higher 
than the image data B, a signal to the effect that the image 
data A may be affected by the dust particles is generated on 
the basis of such a precondition. It will be further detailed 
below . 

A comparison circuit 25 in this data comparison block 
23 compares the image data A with the image data B, and if the 
former is larger than the latter, outputs a signal "1" , and 
otherwise, outputs a signal "0". Also, a subtraction circuit 

26 subtracts the image data B from the image data A to output 
a difference A-B between image data A and B . A comparison circuit 

27 compares the difference A-B determined by the subtraction 
circuit 2 6 with a threshold obtained by computing by a threshold 



a 



m 
d 
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iDS computing circuit 34, and outputs a signal "1" if the difference 

Q' A-B is higher than the threshold, and otherwise, outputs a signal 

"0". In this respect, the detail of the threshold computing 
circuit 34 will be described later. An AND circuit 28 receives 
an output signal from the comparison circuit 2 5 and an output 
signal from the comparison circuit 27 to output a logical product 
of the two. That is, if the density of a pixel corresponding 
to the image data A is higher than the density of a pixel 
corresponding to the image data B and there is a density 
difference higher than a predetermined threshold between the 
both pixels, the AND circuit 28 outputs a signal "1". And 
otherwise, it outputs a signal "0". In this respect, the output 
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signal from this AND circuit 28 will be called "dust particles 
judgment bit" for the sake of convenience in the following 
description. 

As already described, to the data comparison block 23, 
image data pieces A and B of one line (n pixels) are respectively 
inputted for each line period. In the data comparison block 23, 
the above -described process is performed for each pixel 
constituting one line, and n bits of serial data including a 
dust particles judgment bit representing, for each pixel, 
! fj whether or not the image data A is affected by dust particles, 

are outputted from the AND circuit 28 for each line period. 

m 

l «) The continuity detection block 24 in Fig. 4 is provided 

f Sj in the latter part of the data comparison block 27. This 

a continuity detection block 24 includes four line memories 29 

a 

y to 32 and an AND circuit 33. The line memories 29 to 32 are 

W 

£Q| constructed of a FIFO (First - In First -Out) memory respectively . 

.fat; 

^ Each of these line memories is cascade - connected as shown, and 

constitute one shift register which sequentially shifts a dust 
particles judgment bit to be outputted from the data comparison 
block 23 . Also, each line memory is constructed so as to be able 
to store n bits of serial data, and data inputted into each line 
memory is outputted from the line memory concerned after one 
line period. 

Therefore, when a dust particle judgment bit 
corresponding to a pixel is outputted from the AND circuit 28 
of the data comparison block 23, each dust particle judgment 
bit corresponding to each pixel 1 to 4 lines ahead of the pixel 
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concerned respectively will be outputted from the line memories 
29 to 32. If all dust particles judgment bits to be outputted 
from the AND circuit 28 of the data comparison block 2 3 and the 
line memories 29 to 32 are "1", that is, if judgment to the effect 
that pixels having the same position in the fast - scanning 
direction are affected by dust particles has been given for five 
successive lines, the AND circuit 33 outputs a signal "1", and 
otherwise, outputs a signal "0". An output signal from the AND 
circuit 33 is black streak detection data. 

Next, with reference to Fig. 5, a description will be 
made on a configuration of the threshold correction circuit 34 . 
The threshold correction circuit 34 according to the present 
embodiment is constructed of average value computing circuits 
35 and 36, a subtraction circuit 37 and an addition circuit 38. 

In a case where an original image is read in two different 
reading positions by an original conveying device as already 
described referring to Fig. 1, when each optical path length 
between each reading position and the CCD sensor 1 is different 
from each other, an offset in density takes place between read 
images obtained from each reading position even if the same 
original image is read. This offset differs depending on the 
configuration of the image reader and the reading position. 

The threshold correction circuit 34 is a circuit in which 
there is performed correction for reflecting this offset of 
reading density in a threshold used in the data comparison block 
23. In the average value computing circuits 35 and 36 in this 
threshold correction circuit 34, there are respectively 



inputted image data pieces A and B corresponding to the same 
image obtained in the upstream- side reading position and the 
downstream- side reading position. The average value computing 
circuit 35 determines an average value for 64 pixels on the image 
data A. Also, the average value computing circuit 36 determines 
an average value for the same pixel number as the average value 
computing circuit 35, that is, for image data B for 64 pixels. 
When the average value for the image data B determined by the 
average value computing circuit 3 6 is deducted from the average 
value for the image data A determined by the average value 
computing circuit 35, and each density value for image data A 
and B obtained from the same point on the original is compared, 
a subtraction circuit 37 outputs average value difference data 
indicating how much the former is higher than the latter in 
average. This average value difference data corresponds to the 
above - described offset. A predetermined threshold level to be 
given from the CPU 22 is subjected to correction to add average 
value difference data to be obtained from this subtraction 
circuit 37 by the addition circuit 38 . The threshold level after 
the correction to be obtained from the addition circuit 38 is 
supplied to the comparison circuit 27 in the data comparison 
block 23. Also, the average value difference data is thus used 
to correct the threshold, and in addition, is also sent to the 
streak removal circuit 20 to be used for processing for removing 
streaks. 

Next, with reference to Fig. 6, a description will be 
made on a configuration of the streak removal circuit 20. The 
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streak removal circuit 20 is, as shown in Fig. 6, constructed 
of an addition circuit 39, a selection circuit 40, delay circuits 
41 and 42, and a selection circuit 43. 

The addition circuit 39 adds the image data B to the 
average value difference data obtained by computing in the 
threshold correction circuit 34 for outputting. The selection 
circuit 40 selects the image data A if black streak detection 
data to be outputted from the streak detection circuit 19 is 
"0", and selects the image data from the addition circuit 39 
if it is "1", and outputs the data selected in this manner as 
the black streak removal image data. The delay circuit 41 delays 
the image data from the addition circuit 39 by a 4 -line period 
for outputting. Also, the delay circuit 42 delays the black 
streak removal image data from the selection circuit 40 by a 
4 -line period for outputting. The selection circuit 43 selects 



Q!j the black streak removal image data from the delay circuit 42 



if the black streak detection data to be outputted from the streak 
detection circuit 19 is "0", and selects the image data B 
subjected to density correction from the delay circuit 41 if 
it is "1", and outputs the data selected in this manner as the 
final black streak removal image data. 

In short, the streak removal circuit 20 described above 
outputs the image data A as it is if the black streak detection 
data is "0". If, however, the black streak detection data 
becomes "1" and it has been found that black streaks would appear 
on the output image when the image data A is used, going back 
4 lines, the average value difference data will be added in place 



25 



of the image data A, to thereby output the image data B (that 
is, black streak removal image data) subjected to density 
correction. Going back to before the 4 -line period in this 
manner, the image data is switched. This is because the 
switching of the black streak detection data from "0" to "1" 
is delayed by the 4 -line period as compared with timing at which 
black streaks appear on the output image. The delay circuits 
41 and 42 and the selection circuit 43 are added in the latter 
part of the selection circuit 40 in order to go back a 4 -line 
period for switching the image data. 

The detail of the configuration of the image reader 
according to the present embodiment has just been described 
above . 

Next, with reference to Fig. 7, a description will be 
made on an operation of the present embodiment. 

In the present embodiment, depending upon whether or not 
the image data A (corresponding to the upstream- side reading 
position) from the output delay circuit 18 is larger than the 
image data B (corresponding to the downstream- side reading 
position) from the shading correction circuit 17B and a value 
obtained by deducting the image data B from the image data A 
exceeds a threshold from the threshold correction circuit 34, 
it is judged in the streak detection circuit 19 whether or not 
there are streaks caused by dust particles on the image data 
A, and black streak detection data indicating the result is 
outputted . 

As shown in Fig. 1, the optical path length between the 



upstream- side reading position and the CCD 1 is longer than the 
optical path length between the downstream- side reading 
position and the CCD 1. For this reason, even when no dust 
particles have adhered to the contact glass 5, the image data 
A is larger than the image data B as exemplified in Fig. 7A, 
and an offset Ad having a predetermined size takes place between 
the both image data pieces. 

In such a situation, when dust particles adhere to the 
upstream- side reading position, the image data A, which is 
originally larger than the image data B, becomes even larger 
under the influence of dust particles adhered, the image data 
A exceeds the image data B by a large amount, and a large 
difference AD1 takes place between the two as exemplified in 
Fig. 7B. For this reason, an output signal from the comparison 
circuit 25 in the streak detection circuit 19 reliably becomes 

M ^ It 

On the other hand, in the threshold correction circuit 
34 within the streak detection circuit 19, an average value for 
64 pixels of the image data B is deducted from an average value 
for 64 pixels of the image data A to obtain average value 
difference data corresponding to the offset AD. A threshold TH 
from the CPU 22 is subjected to correction to add this average 
value difference data, and the threshold after this correction 
TH+AD is supplied to the comparison circuit 27. In the 
comparison circuit 27, a difference between the image data A 
and the image data B is compared with the post- correction 
threshold TH+AD (See Fig. 7B) , and when the former exceeds the 
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latter, a signal "1" is outputted. When each output signal from 
both the comparison circuits 25 and 27 is "1", the AND circuit 
28 outputs a dust particle judgment bit "1". Thus, when this 
dust particle judgment bit "1" is continuously outputted in the 
slow- scanning direction, black streak detection data "1" is 
outputted from the AND circuit 33 , and is supplied to the streak 
removal circuit 20. 

When this black streak detection data "1" is outputted, 
the post -correction image data B obtained by adding the average 
value difference data to the image data B is selected by the 
selection circuit 40 in the streak removal circuit 20, is 
outputted as black streak removal image data, and this is 
outputted through the selection circuit 43 as final black streak 
removal image data. 

The image data B, which is a basis of the final black 
streak removal image data, is originally the offset AD smaller 
than the image data A. Since, however, the image data B is 
subjected to correction to add the average value difference data 
as described above, there can be obtained the final black streak 
removal image data having the substantially same density as the 
image data A when no dust particles have adhered thereto (See 
Fig. 7C) . 

In the present embodiment in this manner, in a 
configuration in which the image data A becomes larger than the 
image data B if no dust particles adhere, by comparing a 
difference obtained by deducting the image data B from the image 
data A with the threshold, the presence or absence of black 
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streaks is judged, and moreover, this comparison is made using 
a threshold corrected by a difference between average values 
for each image data piece. Therefore, it is possible to 
accurately judge whether or not black streaks under the influence 
of adhesion of dust particles are generated. 

In addition, when an output image is formed using the 
image data A and black streak detection data is outputted, it 
is always replaced with the image data B corrected in density 
by the average value difference data, and therefore, it is 
possible to prevent any drawback in which this replacement 
portion becomes more thinly black than the surroundings . 

In this respect, although in the present embodiment, the 
density of the image data B has been corrected, it is possible 
to omit this density correction, to use the image data B as it 
is as black streak removal data and to replace the image data 
A with it. In this case, since the image data B is smaller than 
the image data A when no dust particles adhere, noise, in which 
the replacement portion becomes thinly white due to this 
replacement, appears on the output image but such noise does 
not become conspicuous . 
B. Second Embodiment 

Fig. 8 is a block diagram showing the configuration of 
an image reader according to a second embodiment of the present 
invention. In this embodiment, the streak detection circuit 19 
and the streak removal circuit 20 are replaced with a streak 
detection circuit 119 and a streak removal circuit 120 
respectively, and a density correction circuit 118 is added. 



In other respects, the configuration of the present embodiment 
is quite the same as that of the first embodiment. 

The density correction circuit 118 is, as shown in Fig. 
9, constructed of average value computing circuits 135 and 136, 
a subtraction circuit 137 and an addition circuit 138. To the 
average value computing circuits 135 and 136, there are inputted 
image data pieces A and B corresponding to the same image obtained 
in the upstream- side reading position and the downs tream- side 
reading position. The average value computing circuit 135 
determines an average value for 64 pixels on the image data A. 
Also, the average value computing circuit 136 determines the 
same number of pixels as the average value computing circuit 
35, that is, the average value for the image data B for 64 pixels. 
When the average value for the image data B determined by the 
average value computing circuit 136 is deducted from the average 
value for the image data A determined by the average value 
computing circuit 135 and each density value for the image data 
pieces A and B obtained from the same point on an original is 
compared, the subtraction circuit 137 outputs average value 
difference data representing how much the former is higher in 
average than the latter. This average value difference data 
corresponds to the above - described offset. The image data B is 
subjected to correction to add this average value difference 
data by the addition circuit 138, which outputs the post- 
correction image data B . 

The configuration of the streak detection circuit 119 
is as shown in Fig. 10. This streak detection circuit 119 has, 



unlike the streak detection circuit 19 according to the first 
embodiment, no threshold correction circuit, but a threshold 
from the CPU 22 is given as it is to the comparison circuit 27. 
Also, to the comparison circuit 25 and the subtraction circuit 
26, the image data A from the output delay circuit 18 and the 
post-correction image data B from the density correction circuit 
118 are given. Since this is the same as the streak detection 
circuit according to the first embodiment in other respects, 
the same reference numerals as those used in Fig. 4 are used, 
and a description thereof will be omitted. 

The configuration of the streak removal circuit 120 is 
as shown in Fig. 11. This streak removal circuit 120 has no 
circuit corresponding to the addition circuit 39 according to 
the first embodiment, but post- correction image data B from the 
density correction circuit 118 is given to a selection circuit 
40. Since this is the same as the streak removal circuit 
according to the first embodiment in other respects, the same 
reference numerals as those used in Fig. 6 are used, and a 
description thereof will be omitted. 

In the first embodiment, the threshold for judging 
whether the difference between the image data A and the image 
data B is large or small has been corrected on the basis of the 
average value difference data. In contrast, in the present 
embodiment, in place of such correction of the threshold, the 
image data B is subjected to correction to add the average value 
difference data by the density correction circuit 118. In the 
streak detection circuit 119, depending upon whether or not a 



difference obtained by deducting the post - correction image data 
B from the image data A exceeds a predetermined threshold, the 
presence or absence of black streaks caused by adhesion of dust 
particles is judged. By this judgment, it is found that image 
data having a high density value has black streaks. If it has 
been found that there are black streaks and the density value 
of the image data A is high, the image data A is replaced with 
the post- correction image data B in the streak removal circuit 
120. Also, when the black streak detection data is " 0" , the image 
data B may be outputted. In this case, if it is found that there 
are black streaks and the image data B has a high density value, 
the post- correction image data B is replaced with the image data 
A in the streak removal circuit 120. Even in the present 
embodiment, the same effect as the first embodiment can be 
obtained . 

According to an image reader according to the present 
invention as described above, even if there exists a density 
difference between each read image corresponding to the same 
image in plural reading positions, there is the effect that it 
is possible to accurately detect streak- shaped noise caused by 
the adhesion of dust particles to the reading unit, or the like, 
and to remove it from the output image. 



